show that in 2012, 31% of all deaths were caused by cardiovascular disease, from which 7.4 million were due to coronary heart disease. 2 Acute coronary syndromes (ACS)
In an attempt to define the complications related to atherosclerotic plaques and to find the pathophysiological mechanism of acute coronary syndromes, the concept of "vulnerable plaque" was developed. 8 The definition of the vulnerable coronary plaque comprises an increased propensity towards rupture, erosion, and thrombosis.
9,10
A vulnerable plaque is described as having a thin fibrous cap and a large necrotic lipid core that initially causes an eccentric vascular remodeling (positive remodeling)
followed by luminal stenosis and impaired distal blood flow. Even though the most common fate of an unstable plaque is to rupture, a significant percentage of acute coronary syndromes were shown to be caused by coronary plaque erosion. 19 Lesions that suffer erosions seem to not show the established characteristics of a vulnerable plaque, usually presenting a thick cap, decreased necrotic cores and lower inflammation degree. 20 Thus came the idea that a vulnerable plaque is not as much prone to rupture, but more prone to causing an acute event.
shear stress and Vulnerable plaques
The complex pathophysiological mechanism of atherosclerosis includes, besides progressive endothelial injury, local inflammation, and vascular remodeling, also hemodynamic alterations. 22 It was shown that there is an increased occurrence of coronary plaques in vascular regions with high shear stress, such as bifurcations or near vascular curvatures. 23 Also, the protrusion of the atheroma in the vessel lumen causes a shift from a normal, laminar flow, with evenly distributed transverse and shear stress, to a tur- 60 and microcalcification within the plaque (referred to as spotty calcifications). 61, 62 CCTA is also able to evaluate the overall degree of calcification of the coronary tree by using the coronary artery calcium score, which has been shown to have a high predictive capacity for major adverse cardiovascular events, being combined with traditional cardiovascular risk factors (c-statistic of 0.93). luminal attenuation gradient through a coronary stenosis. 66 Nevertheless, CCTA has a great potential of being integrated into computational simulation models for coronary flow and fluid dynamics, which will allow the analysis of plaque conduct in physiological and pathological circumstances. 21 Computational models are the sole methods that are currently able to integrate both the external (hemodynamic) and internal (characteristics of plaque) markers for instability in order to achieve a global understanding of the conditions that lead to plaque erosion and rupture with the subsequent occurrence of an acute coronary syndrome. 21, 67, 68 One of the most important drawbacks of computational simulation models is the increased time needed for image reconstruction, but with recent developments, the time has been reduced from weeks 69 to less than two hours, 70 which will make it possible for computational plaque analysis to be performed as a part of a living vessel.
21
Accurately identifying coronary plaques is challenging, especially when using noninvasive methods such as CCTA.
The problems encountered in the CT analysis of coronary plaques include the presence of non-calcified lesions, small sized vessels, as well as motion artifacts that can be diminished by using ECG-gated CT protocols, multiplanar image acquisition and vessel segmentation, and vascular tree reconstruction techniques. 71, 72 coronary tree segMentation
The segmentation of vascular trees is a widely researched topic. The literature includes several studies that follow the data-driven approach, namely they treat the notion of the vascular tree in a general way, as a set of interconnected tubular structures, with possible bifurcations and stenoses, but without using any anatomical information. These studies usually concentrate on image quality enhancement for vessel recognition, 73 accurate detection of bifurcations and branches, [74] [75] [76] [77] extraction of the most probable centerline, 78, 79 vessel diameter estimation, 79, 80 and the identification of odd structures. 81, 82 Although they are very important in the development of useful medical data processing techniques, these general studies do not take into consideration any anatomical information of a chosen vessel tree.
On the other hand, the literature also includes studies on arterial tree segmentation procedures designed for and tested on specific arterial networks. The major part of such studies focuses on the coronary artery tree (CAT), 83, 84 but there are several works developed for the pulmonary arteries, [85] [86] [87] [88] cerebral arteries, 89 the carotid artery, 90 and vessels of the retina. 
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